ABSTRACT Objective: The phase III GO-FORWARD study examined the efficacy and safety of golimumab in patients with active rheumatoid arthritis (RA) despite methotrexate therapy. Methods: Patients were randomly assigned in a 3 : 3 : 2 : 2 ratio to receive placebo injections plus methotrexate capsules (group 1, n = 133), golimumab 100 mg injections plus placebo capsules (group 2, n = 133), golimumab 50 mg injections plus methotrexate capsules (group 3, n = 89), or golimumab 100 mg injections plus methotrexate capsules (group 4, n = 89). Injections were administered subcutaneously every 4 weeks. The co-primary endpoints were the proportion of patients with 20% or greater improvement in the American College of Rheumatology criteria (ACR20) at week 14 and the change from baseline in the health assessment questionnaire-disability index (HAQ-DI) score at week 24 . Results: The proportion of patients who achieved an ACR20 response at week 14 was 33.1% in the placebo plus methotrexate group, 44.4% (p = 0.059) in the golimumab 100 mg plus placebo group, 55.1% (p = 0.001) in the golimumab 50 mg plus methotrexate group and 56.2% (p,0.001) in the golimumab 100 mg plus methotrexate group. At week 24, median improvements from baseline in HAQ-DI scores were 0.13, 0.13 (p = 0.240), 0.38 (p,0.001) and 0.50 (p,0.001), respectively. During the placebo-controlled portion of the study (to week 16), serious adverse events occurred in 2.3%, 3.8%, 5.6% and 9.0% of patients and serious infections occurred in 0.8%, 0.8%, 2.2% and 5.6%, respectively. Conclusion: The addition of golimumab to methotrexate in patients with active RA despite methotrexate therapy significantly reduced the signs and symptoms of RA and improved physical function.
Clinical studies have demonstrated that treatment with biological agents that target tumour necrosis factor (TNF) improve manifestations of rheumatoid arthritis (RA). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] These compounds have been shown to provide greater benefit when combined with methotrexate therapy than when each agent or methotrexate is administered alone. [10] [11] [12] However, all currently available anti-TNFa agents have differences in affinity, stability, solubility, terminal half-life characteristics and dosing regimens. [13] [14] [15] Golimumab is a human anti-TNFa monoclonal antibody that was generated and affinity matured in an in-vivo system. Golimumab has a high affinity and specificity for human TNFa and effectively neutralises TNFa bioactivity in vitro. 16 Results of an earlier phase II study of golimumab in 172 patients with active RA despite methotrexate therapy demonstrated the efficacy of golimumab given every 4 weeks by subcutaneous injection in combination with methotrexate. 17 The clinical effect was evident within 2 weeks of the first dose and was sustained to 1 year. In this larger phase III study, we evaluated the efficacy and safety of golimumab in the treatment of patients with active RA despite methotrexate therapy.
PATIENTS AND METHODS
This was a phase III, multicentre, randomised, double-blind, placebo controlled trial. The study included a double-blind controlled phase to week 52 and an open-label extension up to 5 years. In this report, we present the results to week 24, which include the co-primary endpoints at weeks 14 and 24. Patients were enrolled at 60 investigational sites in 12 countries: Argentina, Australia, Canada, Chile, Germany, Hungary, Mexico, New Zealand, Poland, South Korea, Taiwan and the USA.
The study was conducted in accordance with the Declaration of Helsinki and good clinical practices. The protocol was reviewed and approved by each site's institutional review board or ethics committee. All patients provided written informed consent before undergoing study-related procedures.
Patients
Study participants were 18 years of age or older, had a diagnosis of RA according to the revised 1987 criteria of the American College of Rheumatology (ACR) 18 for at least 3 months before screening, and were to have been on a stable methotrexate dose of 15 mg/week or greater but 25 mg/week or less during the 4-week period immediately preceding screening. Patients were to have tolerated 15 mg/ week or greater of methotrexate for at least 3 months before screening. Patients were required to have active RA, defined as four of more swollen joints (out of 66 total) and four or more tender joints (out of 68 total) and at least two of the following: (1) C-reactive protein (CRP) of 1.5 mg/dl or greater (normal range 0-0.6 mg/dl) or erythrocyte sedimentation rate (ESR) by the Westergren method of 28 mm/h or greater; (2) at least 30 minutes of morning stiffness; (3) bone erosion determined by x ray and/or magnetic resonance imaging; or (4) anticyclic citrullinated peptide antibody or rheumatoid factor positive test results. Eligible patients had to have met the tuberculosis screening criteria (supplemental material 1, available online only).
Patients who were using non-steroidal anti-inflammatory drugs or other analgesics for RA had to be taking a stable dose for at least 2 weeks before the first dose of study agent. Patients who were taking oral corticosteroids had to have been receiving a stable dose equivalent to 10 mg/day or less of prednisone for at least 2 weeks before the first dose of study agent.
Patients were excluded from study participation if they had a known hypersensitivity to human immunoglobulin proteins or other components of golimumab. Any previous use of any anti-TNF agent, rituximab, natalizumab or cytotoxic agents excluded patients from study participation. In addition, patients should not have received anakinra; disease-modifying antirheumatic drugs other than methotrexate; or intravenous, intramuscular, or intra-articular corticosteroids within 4 weeks before the first dose of study agent or alefacept or efalizumab within 3 months before the first dose of the study agent. A complete list of inclusion and exclusion criteria is provided in supplemental material 1 (available online only).
Study design
During a 4-week run-in period between screening and randomisation, all patients received study-supplied over-encapsulated methotrexate capsules at their pre-study stable dose. Patients were re-evaluated for study eligibility at the end of this 4-week run-in period. Patients who still met the study criteria were randomly assigned in a 3 : 3 : 2 : 2 ratio to receive: placebo injections plus methotrexate (group 1), golimumab 100 mg injections plus placebo capsules (group 2), golimumab 50 mg injections plus methotrexate (group 3), or golimumab 100 mg injections plus methotrexate (group 4).
Randomisation was stratified by investigational site and was conducted using a telephone interactive voice response system. All patients continued their initial stable doses of methotrexate throughout the study without interruption except for patients in group 2 who were switched from active methotrexate to sham methotrexate capsules at randomisation without any washout period before study entry.
At week 16, patients in groups 1, 2 or 3 with less than a 20% improvement from baseline in both tender and swollen joint counts had their study medication adjusted in a double-blind fashion (ie, early escape). Patients in group 1 who met the criteria for early escape began receiving active golimumab 50 mg every 4 weeks and continued their stable dose of active methotrexate. Patients in group 2 who met the criteria for early escape had their sham methotrexate capsules replaced with active methotrexate capsules at the same stable dose that the patient had received at screening and continued to receive injections of golimumab 100 mg every 4 weeks. Patients in group 3 who met the criteria for early escape had their golimumab dose increased from 50 mg to 100 mg every 4 weeks and continued to receive their stable dose of active methotrexate. Patients in group 4 had no adjustments made to their subcutaneous or oral study medication.
Treatments
Centocor Research and Development, Inc supplied all study medication. Golimumab and placebo were supplied as sterile liquid for subcutaneous injection. Placebo injections contained the same solution as active golimumab but did not contain the monoclonal antibody. Active methotrexate and placebo methotrexate were supplied as identical opaque capsules. Injections were administered Extended report every 4 weeks and each patient received two injections per dose (0.5 ml and 1.0 ml syringes) to maintain the blind.
Evaluations
Response to treatment was assessed using the ACR response criteria (ACR20/50/70). 19 ACR-N 9 20 was also calculated. The disease activity score in 28 joints (DAS28) 21 was calculated separately using both CRP and ESR. The European League Against Rheumatism (EULAR) response was calculated according to previously described methods, 22 and DAS28 remission was defined as a score of less than 2.6. 22 An independent assessor designated at each study centre performed all joint assessments. The joint assessor had no other contact with the patient, was not the treating physician and was not permitted to review patient medical records, case report forms, or previous joint counts during the study.
The health assessment questionnaire disability index (HAQ-DI) was used to evaluate physical function. 23 The minimum clinically important difference in HAQ-DI score has previously been defined as a reduction of 0.22 or greater. 24 We evaluated the proportions of patients with a reduction from baseline in HAQ-DI of 0.25 or greater as a more conservative estimation of the minimum clinically important change.
Serum samples taken at baseline and week 24 were assessed for the presence of antibodies to golimumab using a previously described assay. 17 The presence of the study agent in the serum interferes with the detection of antibodies to the study agent in these types of assays. 11 25 Sample size calculation Assuming 55% or more of patients in groups 3 and 4 and 35% of patients in group 1 would achieve an ACR20 response, a sample size of 120 patients in group 1 and 80 patients in groups 3 and 4 was required to achieve greater than 90% power (two-sided x 2 , a = 0.05). Assuming 55% of patients in group 2 and 35% of patients in group 1 would achieve an ACR20 response, a sample size of 120 patients in both groups 1 and 2 was needed to achieve greater than 85% power (two-sided x 2 test, a = 0.05). This sample size would also provide greater than 90% power to detect a difference in the change from baseline in HAQ-DI score between treatment groups (two-sided t test on the van der Waerden normal scores, a = 0.05), assuming an improvement from baseline in HAQ-DI of 20.21 for group 1, 20.47 for group 3 and 20.39 for group 4. Values are n (%) or median (interquartile range). CCP, cyclic citrullinated peptide; CRP, C-reactive protein; DAS28, disease activity score in 28 joints; ESR, erythrocyte sedimentation rate; DMARD, disease-modifying antirheumatic drug; HAQ-DI, health assessment questionnaire disability index; VAS, visual analogue scale. *Treatment usually consisted of isoniazid.
Statistical analyses
There were two co-primary endpoints: the proportion of patients achieving an ACR20 response at week 14 and the improvement from baseline in HAQ-DI score at week 24. A two-sided x 2 test was used to analyse the ACR20 data and a two-sided analysis of variance on the van der Waerden normal scores was used to analyse the HAQ-DI data; both were conducted at a significance level of a = 0.05. The coprimary endpoints were analysed sequentially (ACR20 response at week 14 first and HAQ-DI at week 24 second) to maintain an overall type I error rate of 0.05. Additional details regarding statistical testing of the primary endpoint and data handling guidelines are provided in supplemental material 2 (available online only).
RESULTS

Data were collected between 19 December 2005 and 17
September 2007. A total of 444 patients was randomly assigned to study treatment (fig 1) . The treatment groups were generally well balanced with regard to baseline demographic and disease characteristics (table 1) . Results of the secondary endpoints supported those of the coprimary endpoints (table 2 and see supplemental table 1 , available online only). ACR20 responses were observed in groups 3 and 4 as early as the first assessment at week 4 and generally increased to week 24 ( fig 2) . The proportions of patients achieving ACR20 responses in groups 1 and 2 peaked at week 14 and subsequently decreased slightly. Significantly greater proportions of patients in the combined groups 3 and 4 also achieved EULAR response, DAS28 remission, and ACR50 and ACR70 responses at weeks 14 and 24 compared with group 1 (table 2) .
The co-primary endpoints were evaluated in subgroups of patients divided by geographical region (supplemental table 2, available online only). The proportions of patients with ACR20 responses at week 14 were greater in the combined groups 3 and 4 compared with group 1 in Europe-Australia-New Zealand, North America and Asia but not in Latin America. The placebo response rate in Latin America was greater (68.2%) than that of the other regions (25.4%, 22.6% and 33.3% for EuropeAustralia-New Zealand, North America and Asia, respectively). Similar patterns were observed for the improvement from baseline to week 24 in HAQ-DI score. When data from Latin American sites were excluded from the analysis, 26.1% of patients in group 1 had an ACR20 response compared with 41.8% of patients in group 2 (p = 0.014), 55.6% of patients in group 3 (p,0.001) and 54.2% of patients in group 4 (p,0.001).
Overall, 41 patients (31.6%), 36 patients (27.1%) and 15 patients (16.9%) in groups 1, 2 and 3, respectively, met the early escape criteria at week 16 ( fig 1) . Of these, 17 patients (41.5%), seven patients (19.4%) and three patients (20.0%), respectively, achieved an ACR20 response at week 24. Of the 14 patients (15.7%) in group 4 (100 mg plus methotrexate group) who met the criteria for early escape at week 16 without any dose adjustments, four patients (28.6%) had an ACR20 response at week 24.
Safety
To week 16, before patients had the opportunity for early escape, the proportions of patients with adverse events were 60.9% in group 1, 63.2% in group 2, 68.5% in group 3 and 69.7% in group 4 (table 3). Serious adverse events occurred in 2.3%, 3.8%, 5.6% and 9.0% of patients, respectively.
Safety results to week 24 are presented as the number of events per patient-year to account for patients who entered early escape or discontinued treatment before week 24 (table 4). The numbers of serious adverse events and serious infections per patient-year were greater in group 4 than in groups 1, 2 or 3; however, the 95% CI were wide and overlapping.
One patient died during the study. The patient was assigned to group 2 and received study treatments at baseline and week 4. The patient developed nausea, diarrhoea and dehydration and was hospitalised on study day 56 (week 8), developed an ileus and aspiration pneumonia and subsequently died from sepsis on study day 69 (week 9). Patients with one or more malignancies
Ninety-two patients (20.7%) were diagnosed at screening with latent tuberculosis but entered the study while receiving treatment for latent tuberculosis (usually isoniazid, table 1). None of these patients, or any other patients, developed active tuberculosis. No patients had opportunistic infections. A total of 12 patients had serious infections to week 24 (table 4), including the previously mentioned patient who died from sepsis.
Four patients had malignancies, including a patient in group 1 with basal cell cancer, a patient in group 2 with squamous cell skin cancer, a patient in group 2 with basal cell cancer and a patient in group 4 with breast cancer. Values are n (%) of patients having an event or number of events per patient year (95% CI). Events were categorised by the actual treatment the patient was receiving at the time of the event. Total numbers of patients in each column are the numbers of patients who received that treatment at any time to week 24. Therefore, patients who entered early escape were counted in more than one column. RTI, respiratory tract infection; SC, subcutaneous; UTI, urinary tract infection. Injection-site reactions were uncommon (table 3 and table 4 ), were primarily mild in intensity and consisted most often of injection-site erythema, bruising, or warmth. No injection site reactions were considered to be severe or serious, and no patients discontinued study treatment because of injection-site reactions.
Antinuclear antibodies were observed in similar proportions between the combined groups 3 and 4 (12.2%) and group 1 (14.9%) at week 14, whereas the proportion was greater for patients in group 2 (29.3%) compared with groups 3 or 4 (5.7% and 17.9%, respectively). No patients demonstrated symptoms that would be consistent with lupus-like syndrome.
Overall, five of 236 patients with evaluable samples (2.1%) had antibodies to golimumab at week 24. All of the patients were from group 2. Two of the patients had received golimumab 100 mg plus placebo without early escape and three of the patients had entered early escape to golimumab 100 mg plus methotrexate. Two of the five patients (40%) achieved an ACR20 response at week 24 and one patient (20%) achieved an ACR50 response. None of the patients with antibodies to golimumab had an injection-site reaction.
DISCUSSION
We evaluated the effect of subcutaneous golimumab injections every 4 weeks with or without background methotrexate on the signs and symptoms of RA after 24 weeks in patients with active disease despite treatment with methotrexate. The combination of golimumab and methotrexate was superior to either golimumab or methotrexate alone in improving the signs and symptoms of RA and physical function. This is consistent with the results of previous studies in which anti-TNF agents were evaluated alone or in combination with methotrexate. 10 12 No clear difference in the efficacy of the two golimumab dose groups that included concomitant methotrexate was evident. Patients who received golimumab without methotrexate also showed some evidence of benefit (eg, ACR50), but the proportion of patients with an ACR20 response was not statistically significantly greater than that observed for patients who received methotrexate alone.
The baseline characteristics of the study population indicate that patients had moderately to severely active RA. However, patients in this study had shorter disease duration, fewer tender and swollen joints, better physical function and lower CRP levels than those in previous studies of biological agents in patients with active RA despite methotrexate therapy. 1 5 10 26 The less restrictive entry criteria in our study (eg, tender and swollen joint counts and CRP) may have allowed for a broader patient population. Recent data suggest that baseline disease activity levels in patients who receive TNFa inhibitors in actual clinical practice have decreased since these drugs first became available. [27] [28] [29] The lower disease activity in our study cohort may thus be reflective of this overall reduction in the disease activity of patients in actual clinical practice. The shorter disease duration of patients in our study cohort may also reflect an increased tendency to treat patients with anti-TNF agents earlier in their disease course.
Patients who received placebo plus methotrexate (group 1) showed a greater than expected improvement in measures of disease activity relative to previous anti-TNF studies of patients with active RA despite methotrexate treatment. 1 8 30 More patients in our study also had exposure to methotrexate for .1 year compared with patients in the previous trials (eg, the ATTRACT study population), 1 providing additional evidence that patients are now being treated with anti-TNF therapy earlier in their disease course. Some patients who received methotrexate for shorter durations may not have reached the maximum benefit from methotrexate therapy before entering the study and may have continued to improve during the study, which would have inflated the number of ACR20 responders in group 1. Greater treatment compliance in the context of a clinical trial, in which methotrexate is provided at no cost to patients and doses are monitored and tracked, may also have contributed to this trend. The disproportionately high ACR20 responses (68%) among patients in group 1 from the Latin American countries could also have contributed to this result.
Whereas the response rates with golimumab alone (group 2) seemed to be adequate, clinically relevant and similar to those observed with other anti-TNFa agents alone, 30 they were not statistically significantly greater than methotrexate alone in this patient population. The high response rate in group 1 must be considered when interpreting these results. Another contributing factor may have been the unique design of this study that did not include a washout period. A washout period was omitted for clinical and ethical reasons, particularly given the recent advances in treatment strategies of RA and the availability of effective therapies. Patients with active RA would have gone untreated during a washout period, which could have increased their risk of developing irreversible joint damage. All patients in groups 1, 3 and 4 thus continued methotrexate treatment without interruption. For patients in group 2, methotrexate was stopped when golimumab was started and patients received sham methotrexate capsules. Patients in this group whose disease was partly controlled by methotrexate (while still meeting the study entry criteria) would have been likely to experience worsening of disease activity after discontinuing methotrexate. Therefore, this group may have been at a disadvantage compared with the groups who continued methotrexate in terms of showing an improvement in efficacy parameters compared with baseline.
Golimumab was generally well tolerated with no unexpected safety issues, even though many of the study sites were in regions in which tuberculosis is endemic. Approximately 20% of the patients had latent tuberculosis at screening and entered the study receiving isoniazid (or other therapies for latent tuberculosis). None of these patients developed active tuberculosis.
Injection-site reactions were uncommon, occurring in approximately 5% of patients who received golimumab at any time. These reactions were generally mild or moderate and consisted primarily of erythema; none led to discontinuation of the study agent.
Patients in the golimumab groups had greater incidences of infections than those in the methotrexate-alone group. Also, patients in the 100 mg golimumab plus methotrexate group had greater incidences of serious adverse events and serious infections than those in the other groups. One patient who received golimumab 100 mg alone died because of a serious infection. No opportunistic infections or cases of tuberculosis were observed. The observed incidence of antibodies to golimumab was too low to evaluate their effect on clinical efficacy and safety.
In conclusion, the addition of golimumab injections every 4 weeks to methotrexate in patients with active RA significantly reduced the signs and symptoms of RA and improved physical function. The safety profile of golimumab was generally consistent with what is expected for an anti-TNFa agent. However, the study was not powered to assess adverse events; therefore, definitive conclusions about safety cannot be drawn. This study will continue to assess the long-term efficacy and safety of golimumab.
